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Abstract: The eastern coast of South Korea is expected to be damaged by volcanic ash when Mt. Baekdusan volcano
erupts. Even if the amount of volcanic ash is small, it can be fatal on the agricultural sector withering many plants and
causing soil acidification. Thus, in this paper, we aim to estimate agricultural losses caused by the volcanic ash and to
visualize them with Google map. To estimate the volcanic ash losses, a damage assessment model is needed. As the
volcanic ash hazard depends on the kind of a crops and the ash thickness, the fragility function of damage assessment
model should represent the relation between ash thickness and damage rate of crops. Thus, we model the fragility
function using the damage rate for each crop of RiskScape. The volcanic ash losses can be calculated with the
agricultural output and the price of each crop using the fragility function. This paper also represents the estimated result
of the losses in Gangwon province, which is most likely to get damaged by volcanic ashes in Korea. According to the
result with gross agricultural output of Gangwon province in 2010, the amount of volcanic ash losses runs nearly 635,124
million wons in Korean currency if volcanic ash is accumulated over four millimeters. This amount represents about 50%
of the gross agricultural output of Gangwon province. We consider the damage only for the crops in this paper. However,
a volcanic ash fall has the potential to damage the assets for a farm, including the soil fertility and installations. Thus, to
estimate the total amount of volcanic ash damage for the whole agricultural sectors, these collateral damages should also
be considered.
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Table 1. Summary of agricultural losses and damage areas for the past volcanic eruptions

Damage area Agricultural losses
Volcano Year (lqnz) (USD million) etc
United States
* The details of agricultural losses
« Ellensburg: USD 1.06 million
* *

St. Helens 1980 SO 192 «Ritzville: USD 11.67 million

* Cheney: USD 1 million
New Zealand
1995 40,000 NZD 130 million
Ruapehu The details of agricultural losses
1996 1,000 100 * Losses of 1700 dairy farm: NZD 1.0-1.3 million
* Losses of Gisborne’s Cauliflower farm: NZD 250,000
Indonesia
Rp 140 billion
The details of damage areas
15.5%% * 14,000 km® of snake fiuit field
’ «700 km” of vegetable plantation areas
. +3,470 km’ coffee and coconut plantation

Merapi 2010 19,870%* + 1,700 km’ rice fields

The details of agricultural losses
35k . Magelar}g: Rp 247 I?illion
* Boyolali: Rp 24 billion
« Klaten: Rp 24 billion
Japan
Shinmoe-dake 2011 564 155 JPY 1,204 million

* Washington ** Selman *** The others
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Fig. 1. The structure of damage estimation for agricultural sector from volcanic ash.

T RokllA sl dele ALt AE
go] "WolAA WAske 12kl Flsle} Egke] 4t
gslE]o] sk F & o 7|7F Ato] B7Fs
Ae A 22 22491 ez 5811 B 4 ok
o] =X WAk s Fk A shikAle] vle]
7b e s 299 % °ﬂ gk sk
HalE FAskx } gt} Fig. 1 shkAlel digk &
xLE J]OH oﬂz ,] Hukg o] AL y_oqzr/}_
Aol tigk skl vlsjols Fgsh] flel
FAH=AA g At Fa] dS AJ2EQ
RiskScapeo Al AHgah= 242 Foe & At
&3t 28| HE AEE g3 gds 72 A
TE olgsto] AlZslslitt.

ZATX|9o| EX| 0|8 ¥ SEE Wit 8%

AdEe WAt shkate] ARz oF 500 km A%
2 WAk st 23) Al sk wlsirt e
3ot} Fig. 28 RSN zﬂ?—é}: 20104
ZAIE o] BEX fEEZ gREe /\]—a];qOﬂo]J_
MEHA A F2 AR 7 EriEM A

T 2ol sk 1AHHRl uﬂé‘ﬂb
Bolu A=A FHe] A5 52 & & Utk ulE
A BRE A FolM AEATE Bol EXE AET
Aol s el w7t & AeRE FAET. Table 2
= % 99 erl wE5 Aee ot} 7
T AER A9l HAF(12. 19%)4 ZA(11.10%),
F4479.06%)°1 ﬁﬂxm 2 Byyo] 9]

Zi lx:_;d—

Cl Waters
B suid-uwe
|:| Bare ground
I pasture
I Forest
] Rice paddy
[ Upland field

Fig. 2. The land covering map of Gangwon province, Korea
in 2010.
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Table 2. The distribution of the agricultural land in Gangwon province in 2010

City Total Area Ratio (%) Rice paddy Upland field
(ha) Area (ha) Ratio (%) Area (ha) Ratio (%)
Chuncheon 7,062 6.35 2,394 5.54 4,668 6.87
Wonju 9,030 8.12 4,466 10.34 4,564 6.71
Gangneung 7,928 7.13 3,422 7.92 4,506 6.63
Donghae 1,006 0.90 295 0.68 711 1.05
Taebaek 1,011 091 3 0.01 1,008 1.48
Sokcho 611 0.55 421 0.97 190 0.28
Samcheok 4,676 421 1,082 2.51 3,594 5.29
Hongcheon 12,335 11.10 4215 9.76 8,120 11.94
Hoengseong 10,075 9.06 3,667 8.49 6,408 9.43
Yeongwol 6,639 597 886 2.05 5,753 8.46
Pyeongchang 9,621 8.65 764 1.77 8,857 13.03
Jeongseon 7,301 6.57 425 0.98 6,376 10.11
Cheorwon 13,553 12.19 11,050 25.58 2,503 3.68
Hwacheon 3,285 295 1,123 2.60 2,162 3.18
Yanggu 5,076 4.57 2,056 4.76 3,020 444
Inje 4,387 395 1,150 2.66 3,237 4.76
Goseong 4,142 3.73 3,464 8.02 678 1.00
Yangyang 3,434 3.09 2,307 5.34 1,127 1.66
Gangwon 111,172 100.00 43,190 100.00 67,982 100.00
Table 3. Gross agricultural output of Gangwon province in 2010
crops output (t) (mil\l;f:evsvon) ratio (%) crops output (t) (mi];/iécl)lrllle\fvon) ratio (%)
Fruit vegetables Root vegetables
rice 176,156 342,983 26.54 sweet potato 39,629 64,556 5.00
barley 413 491 0.04 daikon (spring) 48,578 53,436 4.14
buckwheat 33,794 54,408 421 daikon (high land) 50,425 25,490 1.97
oriental melon 196 367 0.03 carrot 4,817 5,462 0.42
strawberry 1,426 6,591 0.51 potato 114,826 97,028 7.51
cucumber 31,055 41,272 3.19 onion 2,139 1,212 0.09
pumpkin 45,003 95,311 741 galic 2,944 26,364 2.08
tomato 39,567 66,334 5.13 Tree crops
dried chiles 7,049 62,525 4.84 apple 1,522 4,472 0.35
green chiles 30,283 66,653 5.16 pear 2,100 4332 0.34
bean 12,189 39,212 3.03 peach 5,717 18,580 1.44
water melon 3,186 7,315 0.57 persimmon 1,970 19,590 1.49
Leaf vegetables plum 817 858 0.07
chinesse cabbage 203,569 122,345 9.47 Grapes
spinach 1,927 10,190 0.79 grape 3,505 8,416 0.65
lettuce 2,907 10,366 0.80
spring onion 19,785 23,636 1.83
cabbage 27,529 11,397 0.88
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Fig. 3. Example of a ‘fragility function’ for roof collapse
probability with volcanic ash loading (Spence et al., 2005).
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Table 4. Damage ratios of each classification of agricul-
tural production depending on the thickness of volcanic ash
(Wilson and Kaye, 2007)

Classification Crops Dam.ag6 Ash thickness
ratio (mm)
. 0.01 1
Leaf Lettl:ICC, spinach, 020 5
vegetables silver beet
0.90 10
i 0.01 1
Fruit Broccol{, pea_s,
strawberries, rice, 0.20 3
vegetables
barley 0.90 10
0.01 5
Root Potatoes, carrots 0.20 30
vegetables
0.90 100
Apol foui 0.01 1
pples, stone fruit,
Tree crops sitrus 0.20 3
0.90 20
0.01 1
Grape grapes 0.20
0.90 5

Volcanic fragility functions for each crops
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Fig. 4. Volcanic fragility functions for the classifications of
the crops.
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Table 5. The estimated amount of the crop damages from the volcanic ash in Gangwon province in 2010 (unit: million won)

Depth of volcanic ash (unit: mm)

aw 1 2 3 4 5 10 30 50
Chuncheon 2990 12502 26321 40025 50,692 63,659 65877 71,240
Wonju 3776 15794 33209 50,540 64,025 80,089 82,267 87,510
Gangneung 3,341 13973 29394 44720 56,647 70,969 73,115 78,292
Donghae 444 1,855 3,905 5,938 7,521 9,449 9,787 10,603
Tacback 461 1,925 4,062 6,169 7,809 9,875 10,352 11,510
Sokcho 207 864 1,816 2,765 3,503 4368 4,459 4678
Samcheok 2,021 8445 17,795 27,046 34250 3,114 44,819 48,948
Hongcheon 5157 21,559 45393 69,025 87,420 109,799 113,657 122,986
Hoengseong 4280 17,893 37,663 57281 72,550 91,044 94,001 101,453
Yeongwol 2958 12357 26053 39584 50,121 63,210 65,936 72,546
Pyeongchang 4301 17966 37,896 57561 72,879 92,027 96,222 106,397
Jeongseon 3299 13779 29067 44148 55895 70,601 73,856 81,756
Cheorwon 5963 24977 52361 79830 101,181 125457 126,693 129,569
Hwacheon 1353 5657 11912 18112 22,939 28,818 29,845 32329
Yanggu 2,089 8735 18384 27962 35418 44,421 45,857 49327
Inje 1,841 7696 16214 24646 31210 39,279 40,815 44,534
Goseong 1,580 6620 13877 21157 26816 33253 33,587 34,366
Yangyang 1,391 5,821 12,221 18616 23,589 29376 29919 31214
total amount 47451 198416 417543 635124 804466 1008809 1041157 1,119,260
ratio 367%  1536%  3231%  49.15%  6226%  78.07% 80.57% 86.62%
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